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(54) Image forming apparatus 

(57) In an image forming apparatus of the present 
invention, a plurality of writing electrodes 3b are sup- 
ported by an elastic and flexible substrate 3a such that 
the writing electrodes are aligned in a plurality of rows 
each extending in the axial direction of the latent image 
carrier (in the main scanning direction). The writing elec- 
trodes 3b are aach formed in, for example, a triangle 
and are arranged in such a manner that the orienfations 
of the triangles of the writing electrodes are alternately 
inverted. In this case, one end of the triangle base of a 
writing electrode is overlapped with one end of the tri- 
angle base of a next writing electrode 3b, as seen in the 
direction perpendicular to the axial direction of the latent 
image carrier 2 (the rotational direction of the latent im- 
age carrier 2; the feeding direction). Therefore, this de- 
sign prevents occurrence of image defect due to linear 
stains and allows foreign matters adhering to the sur- 
face of the latent image carrier 2 to pass through spaces 
between the adjacent writing electrodes 3b. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image 
forming apparatus which forms an electrostatic latent 
image on a latent image carrier by using writing elec- 
trodes of a writing device, thereby forming the image. 
[0002] In a conventional image forming apparatus 
such as an electrostatic copying machine and a printer, 
the surface of a photoreceptor (photosensitive member) 
is uniformly charged by a charging device and the 
charged surface is then exposed to light from an expo- 
sure device such as laser beam or LED light, whereby 
a latent image is written on the surface of the photore- 
ceptor. Then, the latent image on the surface of the pho- 
toreceptor is developed by a developing device to form 
a developing powder image on the surface of the pho- 
toreceptor. The developing powder image is transferred 
to a receiving medium such as a paper, thereby forming 
the image. 

[0003] In such conventional image forming appara- 
tus, the exposure device as a writing device for electro- 
static latent image comprises a laser beam generating 
device or a LED light generating device. Therefore, the 
entire image forming apparatus should be large and 
complex. 

[0004] Therefore, an image forming apparatus has 
been proposed in Japanese Patent Publication No. 
S63-45104 (hereinafter, '104B publication) which em- 
ploys electrodes, as a writing device for forming an elec- 
trostatic latent image, to write an electrostatic latent im- 
age on a surface of a latent image carrier without using 
laser beams and LED lights. 

[0005] The image forming apparatus disclosed in the 
'104B publication is provided with a multistylus having 
a large number of needle electrodes. The needle elec- 
trodes are just arranged in contact with an inorganic 
glass layer on the surface of the latent image carrier. In 
accordance with an input signal for image information, 
voltages are selectively applied to corresponding ones 
of the needle electrodes of the multistylus, whereby the 
electrostatic latent image can be formed on the latent 
image carrier. Since the image forming apparatus ac- 
cording to the '104B publication does not use an expo- 
sure device conventionally used as a writing device, the 
invention of this publication can provide an image form- 
ing apparatus which is relatively small in size and rela- 
tively simple in structure. 

[0006] In addition, an image forming apparatus has 
been proposed in Japanese Unexamined Patent Publi- 
cation No. H06-1 66206 (hereinafter, '206A publication), 
comprising ion control electrodes which are disposed on 
a front end portion of an insulating substrate and are 
arranged in non-contact with a latent image carrier, 
wherein the ion control electrodes control ions generat- 
ed by a corona discharger so as to write an electrostatic 
latent image on the latent image carrier. Since the image 



forming apparatus according to the '206A publication al- 
so does not use an exposure device as a writing device, 
the Invention of this publication can provide an Image 
forming apparatus which is relatively small in size and 
5 relatively simple in structure. 

[0007] However, in the image forming apparatus ac- 
cording to the '104B publication, the large number of 
needle electrodes of the multistylus are just arranged in 
contact with the inorganic glass layer on the surface of 
io the latent image carrier. It is difficult to keep the stable 
contact between the needle electrodes and the inorgan- 
ic glass layer on the surface ol the latent image carrier. 
Accordingly, it Is difficult to stably apply charge to the 
surface of the latent image carrier. This means that It Is 
is hard to obtain a high quality image. 

[0008] Moreover, It Is unavoidable to employ an inor- 
ganic glass layer on the surface of the latent Image car- 
rier for protecting the surface of the latent image carrier 
from damage due to contacts of a large number of the 
needle electrodes. This makes the structure of the latent 
image carrier more complex. In addition, since the inor- 
ganic glass layer has quite well physical adsorbed water 
characteristic, moisture is easily adsorbed by the sur- 
face of the inorganic glass layer. Due to the moisture, 
the electrical conductivity of the glass surface is in- 
creased so that electrostatic charge on the latent image 
carrier should leak. Therefore, the image forming appa- 
ratus should be provided with a means for drying the 
surface of the latent image carrier with adsorbed mois- 
ture in order to prevent the apparatus from being affect- 
ed by absorbed water. This not only makes the appara- 
tus larger but also increases the number of parts, lead- 
ing to problems of making the structure further complex 
and increasing the cost. 

[0009] Since the large number of needle electrodes 
discharge, the apparatus has another problem that 
there is a high possibility of generation of ozone (O a ). 
The presence of ozone may not only produce rusts on 
parts in the apparatus but also melt resin parts because 
ozone reacts with NO x to generate nitrous acid (HNO a ). 
Again ozone may give an offensive smell. Therefore, the 
image forming apparatus should be provided with an 
ventilation system including a duct and an ozone filter 
which sufficiently exhausts ozone from the inside of the 
apparatus. This also not only makes the apparatus larg- 
er but also increases the number of parts, leading to 
problems of making the structure further complex and 
increasing the cost. 

[001 0] On the other hand, in the image forming appa- 
ratus according to the '206A publication, ions produced 
by the corona discharger are controlled by the ion con- 
trol electrodes. This means that the apparatus is struc- 
tured not to directly inject electric charge to the latent 
image carrier. The invention of the '206A publication has 
problems of not only making the image forming appara- 
tus larger and but also making the structure complex. 
Since the application of charge is conducted by ions, it 
is difficult to stably write a latent image on the latent im- 



25 



30 



35 



40 



45 



SO 



2 



3 



EP 1 193 070 A2 



4 



age carrier. 

[001 1 ] Further, since the generation of ions essential- 
ly generates ozone, there are problems similar to those 
described with regard to the image forming apparatus 
according to '104B publication. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to pro- 
vide an image forming apparatus capable of more stably 
writing an electrostatic latent image and yet achieving 
reduction in size and reduction in the number of parts 
thereof so as to have more simple and low-priced struc- 
ture. 

[0013] It Is another object of the present invention to 
provide an Image forming apparatus capable of further 
preventing generation of ozone. 

[0014] In order to achieve these objects/the present 
invention provides an image forming apparatus which 
comprises at least: a latent image carrier on which an 
electrostatic latent image is formed, a writing device for 
writing said electrostatic latent image on said latent im- 
age carrier, and a developing device for developing said 
electrostatic latent image on the latent image carrier, 
wherein said electrostatic latent image, written on said 
latent image carrier by said writing device, is developed 
by said developing device, thereby forming an Image, 
and is characterized in that said writing device has a plu- 
rality of writing electrodes for writing said electrostatic 
latent image on said latent image carrier and a substrate 
for supporting said writing electrodes, and that said plu- 
rality of writing electrodes are aligned in the main scan- 
ning direction of said latent image carrier. 
[0015] The present invention is characterized in that 
said writing electrodes are aligned in a single row ex- 
tending in the main scanning direction of said latent im- 
age carrier. 

[0016] The present invention is further characterized 
in that said writing electrodes are arranged such that a 
portion of one writing electrode is overlapped with a por- 
tion of a writing electrode, next to the one writing elec- 
trode, as seen in the feeding direction of said latent im- 
age carrier. 

[0017] The present invention is stili characterized in 
that said writing electrodes are each formed in a triangle, 
a parallelogram, or a trapezoid. 

[001 8] Further, the present invention is characterized 
in that said writing electrodes are each formed in a tri- 
angle or a trapezoid and the writing electrodes are ar- 
ranged in such a manner that the orientations of the tri- 
angles or trapezoids of the writing electrodes are alter- 
nately inverted. 

[0019] Furthermore, the present invention is charac- 
terized in that said writing electrodes are each formed 
in a circle, en oval, an ellipse, a rectangle, a square : a 
pentagon, a polygon having 6 or more corners, or a pol- 
ygon with rounded corners. 

[0020] The present invention is characterized in that 



said writing electrodes are aligned In a plurality of rows 
each extending in the main scanning direction of said 
latent Image carrier, wherein the rov/s are arranged in 
parallel with each other in the feeding direction of said 

5 latent image carrier. 

[0021] The present invention is further characterized 
in that the number of the parallel rows each extending 
in the main scanning direction is two and said writing 
electrodes are arranged in zigzag fashion such that a 

10 writing electrode in one row is placed at a position cor- 
responding to a position between two adjacent writing 
electrodes in the other row while a writing electrode in 
the other row is placed at a position corresponding to a 
position between two adjacent writing electrodes In said 

is one row. 

[0022] Further, the present invention Is characterized 
in that at least said writing electrodes are coated with 
protecting layers. 

[0023] Furthermore the present invention is charac- 
terized in that at least a portion of each said writing elec- 
trode confronting said latent image carrier is made of 
material easily to wear. 

[0024] In the image forming apparatus of the present 
invention having the aforementioned structure, a plural- 
ity of writing electrodes are aligned in the main scanning 
direction of a latent image carrier, thereby making a sim- 
ple array pattern (electrode pattern) and ensuring an im- 
age formation region. 

[0025] In addition, the writing electrodes are support- 
ed by a flexible substrate, thereby stabilizing the posi- 
tions of the writing electrodes relative to the latent image 
carrier and thus stably and reliably conducting the ap- 
plication or removal of charge by the writing electrodes 
relative to the latent image carrier. Therefore, stable 
writing of an electrostatic latent image is achieved, thus 
reliably obtaining a high quality image with high preci- 
sion. 

[0026] Since the writing electrodes can be securely 
kept in contact with the latent image carrier with a small 
pressing force by the flexible substrate or securely kept 
in proximity to the latent image carrier, the gap (space) 
between the writing electrodes and the latent image car- 
rier can be extremely reduced. The reduced gap prac- 
tically reduces the possibility that air existing in the gap 
is undesirably ionized, thereby further reducing the gen- 
eration of ozone and enabling the formation of an elec- 
trostatic latent image with low potential. In addition, the 
latent image carrier can be prevented from being dam- 
aged by the writing electrodes, thus improving the du- 
rability of the latent image carrier. 
[0027] Further, since the writing device employs only 
the writing electrodes without using a laser beam gen- 
erating device or a LED light generating device which is 
large in size as conventionally used, the apparatus size 
can be reduced and the number of parts can also be 
reduced, thereby obtaining an image forming apparatus 
which is simple and low-price. 

[0028] The writing electrodes which aligned just in a 
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single row extending In the main scanning direction, 
thereby making a simple array pattern (electrode pat- 
tern) and ensuring an Image formation region. 
[0029] Further, every pair of adjacent writing elec- 
trodes which are next to each other are partially over- 
lapped with each other as seen in the feeding direction 
of the latent image carrier, thereby eliminating such por- 
tions in the surface of the latent image carrier that are 
not subjected to the application or removal of charge 
and thus achieving uniform application or removal of 
charge relative to the entire surface of the latent image 
carrier. Therefore, the occurrence of image defect due 
to linear stains can be prevented. 
[0030] The writing electrodes are each formed In a tri- 
angle, a parallelogram, or a trapezoid, thereby allowing 
foreign matters adhering to the surface of the latent im- 
age carrier to smoothly and easily pass through spaces 
between adjacent writing electrodes because the for- 
eign matters can be guided by oblique sides of the tri- 
angles, parallelograms, or trapezoids. 
[0031] Further, the triangular or trapezoidal writing 
electrodes are arranged in such a manner that the ori- 
entations of the triangles or trapezoids of the writing 
electrodes are alternately inverted. This arrangement 
enables the triangular or trapezoidal writing electrodes 
to be efficiently aligned in a compact form in the main 
scanning direction. This arrangement of alternately in- 
verting the orientations of the triangular or trapezoidal 
writing electrodes ensures the adjacent writing elec- 
trodes to be efficiently partially overlapped with each 
other in the feeding direction, thereby efficiently and se- 
curely exhibiting the effect of overlapping mentioned 
above. 

[0032] Furthermore, since the writing electrode can 
be. formed in a circle, an oval, an ellipse, a rectangle, a 
square, a pentagon, a polygon having 6 or more cor- 
ners, or a polygon with rounded corners, the writing 
electrode is flexible to be employed in various types of 
image forming apparatuses using writing electrodes. In 
particular, by rounding off corners of a polygon of the 
writing electrode to eliminate sharp angled portions 
(edges), the discharge between adjacent writing elec- 
trodes can be prevented. 

[0033] The writing electrodes are aligned in a plurality 
of parallel rows each extending in the main scanning di- 
rection, thereby ensuring the adjacent writing electrodes 
to be efficiently partially overlapped with each other in 
the feeding direction, thereby efficiently and securely 
exhibiting the effect of overlapping mentioned above. In 
particular, according to the invention defined in claim 8, 
the writing electrodes are aligned in two parallel rows 
each extending in the main scanning direction, thus 
making the arrangement of the writing electrodes more 
simple, and the writing electrodes in the first and second 
rows are arranged in a zigzag fashion, thereby easily 
arranging the writing electrodes while overlapping por- 
tions thereof. 

[0034] Moreover at least the writing electrodes are 



coated with the protective layers. The protective layers 
prevent wear of the writing electrodes and making for- 
eign matters difficult to adhere to the writing electrodes. 
[0035] In addition, since the portion of the writing elec- 

5 trode confronting the latent image carrier is made of ma- 
terial easily to wear, the portion is shaved by the contact 
the surface of the writing electrodes relative to the latent 
image carrier to have a fresh surface so that the surface 
of the writing electrode can be kept fresh, thus prevent- 

10 ing the filming of the writing electrode. 

[0036] Still other objects and advantages of the inven- 
tion will in part be obvious and will in part be apparent 
from the specification. 

[0037] The invention accordingly comprises the fea- 
is tures of construction, combinations of elements, and ar- 
rangement of parts which will be exemplified in the con- 
struction hereinafter set forth, and the scope of the in- 
vention will be indicated in the claims. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

Fig. 1 is a schematic illustration of the basic struc- 
25 ture of an image forming apparatus in accordance 
with the present invention; 

Figs. 2(a)-2(h) are views each illustrating an exam- 
ple of the basic process of forming an image in the 
image forming apparatus of the present invention; 

30 Figs. 3(a)-3(f) are views for explaining the principle 

of writing an electrostatic latent image by writing 
electrodes of a writing device through application or 
removal of charge, wherein Fig. 3(a) is an enlarged 
view of a portion where a writing electrode is in con- 

35 tact with the latent image carrier, Fig. 3(b) is a dia- 
gram of an electrical equivalent circuit of the contact 
portion, and Figs. 3(c)-3(f) are graphs each showing 
the relation between each parameter and the sur- 
face potential of the latent image carrier; 

40 Figs. 4(a)-4(c) are views for explaining the applica- 

tion or removal of charge relative to the latent Image 
carrier, wherein Fig. 4(a) is a view for explaining the 
application or removal of charge relative to the la- 
tent image carrier via the charge-transfer, Fig. 4(b) 
is a view for explaining the application or removal 
of charge relative to the latent image carrier via the 
discharge, and Fig. 4(c) is a graph for explaining 
Paschen's law; 

Fig. 5 is a schematic illustration showing an exam- 
so pie of the writing device, as seen in an axial direction 
of the latent image carrier; 

Fig. 6 is a perspective view partially showing the 
writing head in the image forming apparatus of the 
embodiment shown in Fig. 3 through 5; 
55 Figs. 7(a) through 7(i) are views for explaining one 
example of the method for manufacturing the writ- 
ing head shown in Fig. 6; 

Fig. 8 is a perspective view similar to Fig. 6, but par- 
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tially showing another example of the writing head 
in the image forming apparatus of the embodiment 
shown In Fig. 3 through Fig. 5; 
Fig. 9 is a perspective view similar to Fig. 6, but par- 
tially showing another example of the writing head s 
in the image forming apparatus of the embodiment 
shown in Fig. 3 through Fig. 5; 
Fig. 10 is a perspective view similar to Fig. 6, but 
partially showing another example of the writing 
head in the image forming apparatus of the embod- io 
iment shown in Fig. 3 through Fig. 5; 
Fig. 11 is a schematic illustration showing another 
example of the writing device, as seen in an axial 
direction of the latent Image carrier; 
Figs. 12(a)- 12(c) show array patterns for aligning a 15 
plurality of writing electrodes In the axial direction 
of the latent image carrier, wherein Fig. 12(a) is a 
view showing the simplest array pattern for writing 
electrodes and Figs. 12(b) and 12(c) are views 
showing array patterns for writing electrodes which 20 
achieve to solve problems of the array pattern 
shown in Fig. 12(a); 

Fig. 13 is a view for explaining the state that adja- 
cent writing electrodes are partially overlapped with 
each other as seen in the rotational direction of the 25 
latent image carrier; 

Fig. 14 is a view for illustrating the array pattern for 
the writing electrodes and the wiring pattern for driv- 
ers; 

Fig. 15 is a view showing still another example of 30 
the array pattern for the writing electrodes; 
Figs. 1 6(a)-1 6(d) are views showing still another ex- 
amples of the array pattern for the. writing elec- 
trodes; 

Figs. 1 7(a)-1 7(d) are sectional views each showing 35 
an example of the writing electrodes of the writing 
device; 

Fig. 1 8 is a view similar lo Fig. 5, but showing an- 
other example of the image forming apparatus ac- 
cording to the present invention; 40 
Figs. 19(a) through 19(c) are views similar to Fig. 
.17, but showing examples of the writing device 3 in 
which the writing electrodes 3b are arranged in 
proximity to the latent image carrier 2, respectively; 
Fig. 20 is a diagram showing a switching circuit for 45 
switching the voltage to be supplied to the writing 
electrodes between the predetermined voltage V 0 
and the ground voltage V.,; 

Figs. 21(a)-21(c) show profiles when the supply 
voltage for each electrode is selectively controlled so 
into the predetermined voltage V 0 or the ground 
voltage V n by switching operation of the corre- 
sponding high voltage switch, wherein Fig. 21(a) is 
a diagram showing the voltage profiles of the re- 
spective electrodes, Fig. 21(b) is a diagram show- 55 
ing a developing powder image obtained by normal 
developing with the voltage profiles shown in Fig. 
21 (a), and Fig. 21 (c) is a diagram showing a devel- 



oping powder image obtained by reverse develop- 
ing with the voltage profiles shown in Fig. 21 (a); and 
Fig. 22 Is a view similar to Fig. 5 but schematically 
and partially showing another example of the image 
forming apparatus according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The embodiments of the present invention will 
be described hereinafter with reference lo the drawings. 
[0040] Fig. 1 is a schematic illustration of the basic 
structure of an Image forming apparatus in accordance 
with the present invention. 

[0041] As shown in Fig. 1 , an image forming appara- 
tus 1 according to the present invention comprises, at 
least, a latent image carrier 2 on which an electrostatic 
latent image is formed, a writing device 3 (hereinafter, 
sometimes referred to as "writing head") which is ar- 
ranged in contact with the latent image carrier 2 to write 
the electrostatic latent image on the latent image carrier 
2, a developing device 4 which develops the electrostat- 
ic latent image on the latent image carrier 2 with devel- 
oping powder carried and conveyed by a developing 
powder carrier 4a (developing roller), a transferring de- 
vice 6 which transfers a developing powder image on 
the latent image carrier 2, developed by the developing 
device 4. to a receiving medium 5 such as a paper, and 
a charge control device 7 which makes the surface of 
the latent image carrier 2 into the uniformly charged 
state by removing any residual charge from the latent 
image carrier 2 after the transfer of the latent image or 
by charging (i.e. applying charge to) the latent image 
carrier 2 after the transfer of the electrostatic latent im- 
age. 

[0042] Though the following description will be made 
assuming that the latent image carrier 2 is grounded, 
this is for the purpose of facilitating the description only 
and not of limitation. That is, the latent image carrier 2 
may not be grounded. 

[0043] The writing head 3 comprises a flexible sub- 
strate 3a (in the following description, sometimes re- 
ferred to as "supporting substrate"), having high insula- 
tion property and being relatively soft and elastic, such 
as a FPC (Flexible Print Circuit: hereinafter, referred to 
as "FPC") or a PET (polyethylene terephthalate: here- 
inafter, referred to as "PET"), and writing electrodes 3b 
which are supported by the substrate 3a and which are 
pressed lightly against the latent image carrier 2 with 
weak elastic restoring force created by deflection of the 
substrate 3a so that the writing electrodes 3b are in con- 
tact with the latent image carrier 2 so as to write the elec- 
trostatic latent image. 

[0044] In the image forming epparatus 1 having a 
structure as mentioned above, after the surface of the 
latent image carrier 2 is made into the uniformly charged 
state by the charge control device 7, an electrostatic la- 
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tent (mage Is written on the uniformly charged surface 
of the latent image carrier 2 by the writing device 3 which 
is In contact with the latent Image carrier 2. Then, the 
electrostatic latent image on the latent image carrier 2 
is developed with developing powder of the developing s 
device 4 to form a developing powder image and the 
developing powder image is transferred to the receiving 
medium 5 by the transferring device 6. It should be noted 
that the uniformly charged state includes a state where 
there is neither positive (+) charge nor negative (-) to 
charge i.e. no charge is uniformly applied to the latent 
image carrier 2 by removing charge from Ihe lalent im- 
age carrier 2. 

[0045] Figs. 2(a)-2(h) are views each illustrating an 
example of the basic process of forming an image In the is 
Image forming apparatus 1 of the present Invention. 
[0046] As the basic process of forming an image in 
the image forming apparatus 1 of the present invention, 
there are four types as follows: (1) making uniformly 
charged state by removal of charge -writing by contact 20 
application of charge- normal developing; (2) making . 
uniformly charged state by removal of charge - writing 
by contact application of charge - reversal developing; 
(3) making uniformly charged state by application of 
charge - writing by contact removal of charge - normal 25 
developing; and (4) making uniformly charged state by 
application of charge - writing by contact removal of 
charge - reversal developing. 

(1) making uniformly charged state by removal of 30 
charge -writing by contact application of charge - 
normal developing 

A process illustrated in Fig, 2(a) is an example 
of this image forming process. As shown in Fig. 2 
(a), in this example, a photoreceptor 2a is employed 35 
as the latent image carrier 2 and a charge removing 
lump 7a is employed as the charge control device 
7. The electrodes 3b of the writing device 3 are in 
contact with the photoreceptor 2a so that positive 
(+) charge is mainly transferred (thai is. injected) 40 
from the writing electrodes 3b to image portions of 
the photoreceptor 2a, whereby the image portions 
of the photoreceptor 2a are positively (+) charged. 
In this way, an electrostatic latent image is written 
on the photoreceptor 2a. In addition, a bias voltage *s 
composed of an alternating current superimposed 
on a direct current of a negative (-) polarity is applied 
to the developing powder carrier 4a such as an im- 
age developing roll of the developing device 4, as 
in conventional ones. Accordingly, the developing so 
powder carrier 4a conveys negatively (-) charged 
developing powder 8 to the photoreceptor 2a. It 
should be noted that a bias voltage composed only 
of a direct current of a negative (-) polarity may be 
applied to the developing powder carrier 4a. ss 

In the image forming process of this example, 
the charge removing lump 7a removes charge from 
the surface of the photo receptor 2 a to make the sur- 



face Into the uniformly charged state with nearly 0V 
(zero volt) and, after that, the image portions of the 
photoreceptor 2a are positively (+) charged by the 
writing electrodes 3b of the writing device 3, thereby 
writing an electrostatic latent image onto the pho- 
toreceptor 2a. Then, negatively (-) charged devel- 
oping powder 8 conveyed by the developing powder 
carrier 4a of the developing device 4 adheres to the 
positively (+) charged image portions of the pho- 
toreceptor 2a, thereby normally developing the 
electrostatic latent image. 

A process illustrated in Fig. 2(b) is another ex- 
ample of this Image forming process. As shown in 
Fig. 2(b), In this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a charge 
removing roller 7b Is employed as the charge con- 
trol device 7. As in conventional ones, a bias voltage 
composed of a direct current of a negative (-) polar- 
ity may be applied to the developing powder carrier 
4a of the developing device 4. It should be noted 
that a bias voltage composed of an alternating cur- 
rent superimposed on a direct current of a negative 
(-) polarity may be applied to the developing powder 
carrier 4a. On the other hand, a bias voltage com- 
posed of an alternating current is applied to the 
charge removing roller 7b. Other structures of this 
example are the same as those of the aforemen- 
tioned example shown in Fig. 2(a). 

In the image forming process of this example, 
the charge removing roller 7b is in contact with the 
dielectric body 2b so as to remove charge from the 
surface of the dielectric body 2b to make the surface 
into the uniformly charged state with nearly 0V (zero 
volt). The image forming actions after that are the 
same as those of the aforementioned example 
shown in Fig. 2(a), except that the dielectric body 
2b is used instead of the photoreceptor 2a. 

(2) making uniformly charged state by removal of 
charge - writing by contact application of charge - 
reversal developing 

A process shown in Fig. 2(c) Is an example of 
this image forming process. As shown in Fig. 2(c), 
in this example, a photoreceptor 2a is employed as 
the latent image carrier 2 and a charge removing 
lump 7a is employed as the charge control device 
7 just like the example shown in Fig. 2(a). The writ- 
ing electrodes 3b of the writing device 3 are in con- 
tact with the photoreceptor 2a so that negative (-) 
charge is mainly transferred (that is, injected) from 
the writing electrodes 3b to non-image portions of 
the photoreceptor 2a, whereby the non-image por- 
tions of the photoreceptor 2a are negatively (-) 
charged. Other structures of this example are the 
same as those of the aforementioned example 
shown in Fig. 2(a). 

In the image forming process of this example, 
the charge removing lump 7a removes charge from 
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the surface of the photoreceptors to make the sur- 
face into the uniformly charged state with nearly 0V 
(zero volt) and, after that, the non-Image portions of 
the photoreceptor 2a are negatively (-) charged by 
the writing electrodes 3b of the writing device 3, 5 
thereby writing an electrostatic latent image onto 
the photoreceptor 2a. Then, negatively («) charged 
developing powder 8 conveyed by the developing 
powder carrier 4a of the developing device 4 ad- 
heres to portions, not negatively (-) charged and 10 
having nearly OV (zero volt), of the photoreceptor 
2a, thereby reversely developing the electrostatic 
latent image. 

A process Illustrated In Fig. 2(d) Is another ex- 
ample of this Image forming process. As shown in « 
Fig. 2(d), In this example, a dielectric body 2b Is em- 
ployed as the latent image carrier 2 and a charge 
removing roller 7b is employed as the charge con- 
trol device 7 just like the example shown in Fig. 2 
(b). The writing electrodes 3b of the writing device 20 
3 are arranged in contact with the dielectric body 2b 
to negatively (-) charge non-image portions of the 
dielectric body 2b. Other structures of this example 
are the same as those of the aforementioned exam- 
ple shown in Fig. 2(b). 25 

In the image forming process of this example, 
the charge removing roller 7b is in contact with the 
dielectric body 2b so as to remove charge from the 
surface of the dielectric body 2b to make the surface 
Into the uniformly charged state with nearly OV (zero 30 
volt). The image forming actions after that are the 
same as those of the aforementioned example 
shown in Fig. 2(c), except that the dielectric body 
2b is used instead of the photoreceptor 2a. 

35 

(3) making uniformly charged state by application 
of charge - writing by contact removal of charge - 
normal developing 

A process shown in Fig. 2(e) is an example of 
this image forming process. As shown in Fig. 2(e), 40 
in this example, a photoreceptor 2a is employed as 
the latent image carrier 2 and a charging roller 7c 
is employed as the charge control device 7. A bias 
voltage composed of an alternating current super- 
imposed on a direct current of a positive (■»-) polarity 45 
is applied to the charging roller 7c so that the charg- 
ing roller 7c uniformly positively (+) charges the sur- 
face of the photoreceptor 2a. It should be noted that 
a bias voltage composed only of a direct current of 
a positive (4-) polarity may be applied to the charging so 
roller 7c. In addition, the writing electrodes 3b of the 
writing device 3 are in contact with the photorecep- 
tor 2a so that positive (+) charge is mainly trans- 
ferred (that is, extracted) from the non-imago por- 
tions of the photoreceptor 2a to the writing etec- ss 
trodes 3b, whereby positive (-1-) charge is removed 
from the non-image portions of the photoreceptor 
2a. Other structures of this example are the same 



as those of the aforementioned example shown In 
Fig. 2(a). 

In the image forming process of this example, 
the charging roller 7c is arranged in contact with the 
photoreceptor 2a to positively (+) charge the sur- 
face of the photoreceptor 2a to make the surface 
into the uniformly charged state with a predeter- 
mined voltage and, after that, positive (+) charge is 
removed from the non-image portions of the pho- 
toreceptor 2a by the writing electrodes 3b of the 
writing device 3, thereby writing an electrostatic la- 
tent image onto the photoreceptor 2a. Then, nega- 
tively (-) charged developing powder 8 conveyed by 
the developing powder carrier 4a of the developing 
device 4 adheres to the image portions, positively 
(+) charged, of the photoreceptor 2a, thereby nor- 
mally developing the electrostatic latent image. 

A process illustrated in Fig. 2(0 is another ex- 
ample of this image forming process. As shown in 
Fig. 2(f), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a corona 
charging device 7d is employed as the charge con- 
trol device 7. A bias voltage composed of a direct 
current of a negative (-) polarity or a bias voltage 
composed of an alternating current superimposed 
on a direct current of a negative (-) polarity is applied 
to the corona charging device 7d, but not illustrated. 
The writing electrodes 3b of the writing device 3 are 
arranged in contact with the dielectric body 2b to 
remove negative (-) charge from the non-image por- 
tions of the dielectric body 2b. Moreover, a bias volt- 
age composed of a direct current of a positive (+) 
polarity is applied to the developing powder carrier 
4a so that the developing powder carrier 4a con- 
veys positively (+) charged developing powder 8 to 
the dielectric body 2b. It should be noted that a bias 
voltage composed of an alternating current super- 
imposed on a direct current of a positive (+) polarity 
may be applied to the developing powder carrier 4a. 
Other structures of this example are the same as 
those of the aforementioned example shown in Fig. 
2(b). 

In the image forming process of this example, 
the surface of the dielectric body 2b is negatively (-) 
charged by the corona charging device 7d to make 
the surface of the dielectric body 2b into the uni- 
formly charged state with the predetermined volt- 
age and s after that, negative (-) charge is removed 
from the non -image portions of the dielectric body 
2b by the writing electrodes 3b cf the writing device 
3, thereby writing an electrostatic latent image on 
the dielectric body 2b. Then, positively (+) charged 
developing powder 8 conveyed by the developing 
powder carrier 4a of the developing device 4 ad- 
heres to the image portions, negatively (-) charged, 
of the dielectric body 2b, thereby normally develop- 
ing the electrostatic latent image. 
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(4) making uniformly charged state by application 
of charge - writing by contact removal of charge - 
reversal developing 

A process shown in Fig. 2(g) is an example of 
this image forming process. As shown in Fig. 2(g), s 
in this example, a photoreceptor 2a is employed as 
the latent image earner 2 and a charging roller 7c 
is employed as the charge control device 7. A bias 
voltage composed of an alternating current super- 
imposed on a direct current of a negative (-) polarity io 
is applied to the charging roller 7c so that the charg- 
ing roller 7c uniformly negatively (-) charges the sur- 
face of the photoreceptor 2a. It should be noted that 
a bias voltage composed only of a direct current of 
a negative (-) polarity may be applied to the charg- is 
Ing roller 7c. The writing electrodes 3b of the writing 
device 3 are in contact with the photoreceptor 2a so 
that negative (-) charge is transferred (that is, ex- 
tracted) from the image portions of the photorecep- 
tor 2a to the writing electrodes 3b, whereby nega- 20 
tive (-) charge is removed from the image portions 
of the photoreceptor 2a. Other structures of this ex- 
ample are the same as those of the aforementioned 
example shown in Fig. 2(a). 

In the image forming process of this example, 25 
the charging roller 7c is arranged in contact with the 
photoreceptor 2a to negatively (-) charge the sur- 
face of the photoreceptor 2a to make the surface 
into the uniformly charged state with a predeter- 
mined voltage and, after that, negative (-) charge is 30 
removed from the image portions of the photore- 
ceptor 2a by the writing electrodes 3b of the writing 
device 3. thereby writing an electrostatic latent im- 
age onto the photoreceptor 2a. Then, negatively (-) 
charged developing powder 8 conveyed by the de- 35 
veloping roller 4a of the developing device 4 ad- 
heres to the image portions, not negatively (-) 
charged, of Lhe photoreceptor 2a, thereby reversely 
developing the electrostatic latent image. 

A process illustrated in Fig. 2(h) is another ex- 40 
ample of this image forming process. As shown In 
Fig. 2(h), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a corona 
charging device 7d is employed as the charge con- 
trol device 7. A bias voltage composed of a direct *5 
current of a positive (+) polarity or a bias voltage 
composed of an alternating current superimposed 
on a direct current of a positive (+) polarity is applied 
to the corona charging device 7d, but not illustrated. 
Other structures of this example are the same as so 
those of the aforementioned example shown in Fig. 
2(f). 

In the image forming process of this example, 
the surface of the dielectric body 2b is positively (+) 
charged by the corona charging device 7d to make 55 
the surface of the dielectric body 2b into the uni- 
formly charged state with the predetermined volt- 
age and, after that, positive (+) charge is removed 



from the image portions of the dielectric body 2b by 
the writing electrodes 3b of the writing device 3, 
thereby writing an electrostatic latent Image onto 
the dielectric body 2b. Then, positively (+) charged 
developing powder 8 conveyed by the developing 
roller 4a of the developing device 4 adheres to the 
image portions, not positively (+) charged, of the di- 
electric body 2b, thereby reversely developing the 
electrostatic latent image. 

[0047] Figs. 3(a)-3(f) are views for explaining the prin- 
ciple of writing an electrostatic latent image by the writ- 
ing electrodes 3b of the writing device 3 through appli- 
cation or removal of charge, wherein Fig. 3(a) is an en- 
larged view of a contact portion where a writing elec- 
trode 3b Is in contact with the latent image carrier 2, Fig. 
3(b) is a diagram of an electrical equivalent circuit of the 
contact portion, and Figs. 3(c)-3(f) are graphs each 
showing the relation between each parameter and the 
surface potential of the latent image carrier 2. 
[0048] As shown in Fig. 3(a), the latent image earner 
2 comprises a base member 2c which is made of a con- 
ductive material such as aluminum and is grounded and 
an insulating charged layer 2d formed on the outer pe- 
riphery of the base member 2c. The writing electrodes 
3b supported by the substrate 3a made of FPC or the 
like of the writing device 3 are in contact with the charged 
layer 2d with a predetermined small pressing force and 
the latent image carrier 2 travels (rotates) at a predeter- 
mined speed "v u . As the aforementioned small pressing 
force, 10N or less per 300 mm in width, that is, a linear 
load of 0.03N/mm or less is preferable fo r stabilizing the 
contact between the writing electrodes 3b and the latent 
image carrier 2 or the proximity of the writing electrodes 
3b to the latent image carrier 2 (keeping the space be- 
tween the writing electrodes 3b and the latent image car- 
rier 2 constant) and for stabilizing the charge-transfer 
by the contact or charge-transfer by discharge of the 
writing electrodes. In view of abrasion, it is preferable to 
achieve the smallest possible linear load while keeping 
the contact stability. 

[0049] Either of a predetermined high voltage V 0 and 
a predetermined low voltage V 1 is selectively impressed 
to the writing electrodes 3b through the substrate 3a (as 
mentioned, since there are positive and negative charg- 
es, the high voltage is a voltage having a high absolute 
value and the low voltage is a voltage of the same po- 
larity as the high voltage and having a low absolute val- 
ue or 0V (zero volt). In the description of the present 
invention in th is specification, the low voltage is a ground 
voltage. In the following description, therefore, the high 
voltage V 0 is referred to as the predetermined voltage 
V 0 and the low voltage V 1 is referred to as the ground 
voltage V 1 . It should be understood that the ground volt- 
age V 1 is OV (zero volt.) 

[0050] That is, the contact portion (nip) between each 
writing electrode 3b and the latent image carrier 2 is pro- 
vided with an electrical equivalent circuit shown in Fig. 
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3(b). In Fig. 3(b), "FT designates the resistance of the 
writing electrode 3b and "C" designates the capacity of 
the latent Image carrier 2. The resistance R of the writing 
electrode 3b is selectively switched to be connected to 
the A side of the predetermined voltage V 0 of a negative 
(-) polarity or to the B side of the ground voltage V 1 . 
[0051] Fig. 3(c) shows the relation between the resist- 
ance R of the writing electrode 3b and the surface po- 
tential of the latent image carrier 2. The aforementioned 
relation when the writing electrode 3b is connected to 
the A side in the electrical equivalent circuit to impress 
the predetermined voltage V 0 of a negative (-) polarity 
to the writing electrode 3b is represented by a solid line 
in Fig. 3(c). As shown by the solid line in Fig. 3(c), the 
surface potential of the latent image carrier 2 is constant 
at the predetermined voltage V 0 In a region where the 
resistance R of the writing electrode 3b is small, and the 
absolute value of the surface potential of the latent im- 
age carrier2 decreases in a region where the resistance 
R of the writing electrode 3b is greater than a predeter- 
mined value. On the other hand the relation between the 
resistance R of the writing electrode 3b and the surface 
potential of the latent image carrier 2 when the writing 
electrode 3b is connected to the B side to ground the 
electrode 3b is represented by a dotted line in Fig. 3(c). 
As shown by the dotted line in Fig. 3(c), the surface po- 
tential of the latent image carrier 2 is constant at sub- 
stantially the ground voltage v\, In a region where the 
resistance R of the writing electrode 3b is small, and the 
absolute value of the surface potential of the latent im- 
age carrier 2 increases in a region where the resistance 
R of the writing electrode 3b is greater than the prede- 
termined value. 

[0052] In the region where the resistance R of the writ- 
ing electrode 3b is small and the surface potential of the 
latent image carrier 2 is constant at the predetermined 
voltage V 0 or constant at the ground voltage V v nega- 
tive (-) charge directly moves from a lower voltage side 
to a higher voltage side, that is, the charge-transfer is 
conducted between the writing electrode 3b being in 
contact with the latent Image carrier 2 and tho charged 
layer 2d of the latent image carrier 2, as shown in Fig. 
4(a). This means that charge is applied to or removed 
from the latent image carrier 2 via the charge-transfer. 
In the region where the resistance R of the writing elec- 
trode 3b is great and the surface potential of the latent 
image carrier 2 starts to vary, the application or removal 
of charge relative to the latent image carrier 2 via the 
charge-transfer is gradually reduced and discharge oc- 
curs between the substrate 3a and the base member 2c 
of the latent image carrier 2 as shown in Fig. 4(b) as the 
resistance R of the writing electrode 3b is increased. 
[0053] The discharge between the substrate 3a and 
the base member 2c of the latent image carrier 2 occurs 
when the absolute value of the voltage (the predeter- 
mined voltage V 0 ) between the substrate 3a and the la- 
tent image carrier 2 becomes higher than a discharge 
starting voltage V^. The relation between the gap, be- 



tween the substrate 3a and the latent Image carrier 2, 
and the discharge starting voltage is just as shown 
In Fig. 4(c), according to Paschen's law. That is, the dis- 
charge starting voltage is the lowest when the gap 

5 is about 30 um, so the discharge starting voltage V th 
should be high when the gap is either larger or smaller 
than about 30 ,am. making the occurrence of discharge 
difficult. Even via the discharge, charge can be applied 
to or removed from the surface of the latent image car- 

io rier 2. However, when the resistance R of the writing 
electrode 3b is in this region, the application or removal 
of charge relative to the latent image carrier 2 via the 
charge-transfer is greater while the application or re- 
moval of charge relative to the latent image carrler2 via 

15 the discharge is smaller. This means that the application 
or removal of charge relative to the latent image carrier 
2 is dominated by the application or removal of charge 
via the charge-transfer. By the application or removal of 
charge via the charge-transfer, the surface potential of 

20 the latent image carrier 2 becomes to the predetermined 
voltage V 0 to be impressed to the writing electrode 3d 
or the ground voltage V v In case of the application of 
charge via the charge-transfer, the predetermined volt- 
age V 0 to be supplied to the writing electrode 3b is pref- 

25 erably set to a voltage equal to or less than the discharge 
starting voltage V lh at which the discharge occurs be- 
tween the writing electrode 3b and the latent image car- 
rier 2. 

[0054] When the resistance R of the writing electrode 

30 3b is greaterthan the region, the application or removal 
of charge relative to the latent image carrier 2 via the 
charge-transfer is smaller while the application or re- 
moval of charge relative to the latent image carrier 2 via 
the discharge is greater than that via the charge-trans- 

35 fer. The application or removal of charge relative to the 
latent image carrier 2 gradually becomes dominated by 
the application or removal of charge via the discharge. 
Thai is, as the resistance R of the writing electrode 3b 
becomes greater, the application or removal of charge 

40 relative to the surface of the latent image carrier 2 is 
performed mainly via the discharge and rarely via the 
charge-transfer. By the application or removal of charge 
via the discharge, the surface potential of the latent im- 
age carrier 2 becomes to a voltage obtained by subtract- 

45 ing the discharge starting voltage V lh from the predeter- 
mined voltage V 0 to be impressed to the writing elec- 
trode 3d or the ground voltage \A,. It should be noted 
that the same is true when the predetermined voltage 
V 0 is of a positive (+) polarity. 

so [0055] Therefore, the application or removal of charge 
relative to the latent image carrier 2 via the charge-trans- 
fer can be achieved by satisfying a condition that the 
resistance R of the electrode 3b is set in such a small 
range as to allow the surface potential of the latent im- 

55 age carrier 2 to be constant at the predetermined volt- 
age IV 0 I (this is an absolute value because voltages of 
opposite (±) polarities are available) or constant at the 
ground voltage V 1 and by controlling the voltage to be 
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Impressed to the writing electrode 3b to be switched be- 
tween the predetermined voltage V 0 and the ground V v 
[0056] Fig. 3(d) shows the relation between the ca- 
pacity C of the latent image carrier 2 and the surface 
potential of the latent image carrier 2. The aforemen- 5 
tioned relation when the writing electrode 3b is connect- 
ed to the A side to impress the predetermined voltage 
V 0 of a negative (-) polarity to the writing electrode 3b is 
represented by a solid line in Fig. 3(d). As shown by the 
solid line in Fig. 3(d), the surface potential of the latent 
image carrier2 is constant at the predetermined voltage 
V 0 in a region where the capacity C of the latent image 
carrier 2 is small, and the absolute value of the surface 
potential of the latent Image carrier 2 decreases In a re- 
gion where the capacity C of the latent Image carrier 2 
Is larger than a predetermined value. On the other hand, 
the relation between the capacity C of the latent image 
carrier 2 and the surface potential of the latent image 
carrier 2 when the writing electrode 3b is connected to 
the 8 side to ground the writing electrode 3b is repre- 
sented by a dotted line in Fig. 3(d). As shown by the 
dotted line in Fig. 3(d), the surface potential of the latent 
image carrier 2 is constant at substantially the ground 
voltage V 1 In a region where the capacity C of the latent 
image carrier 2 is small, and the absolute value of the 
surface potential of the latent image carrier 2 increases 
in a region where the capacity C of the latent image car- 
rier 2 is larger than a predetermined value. 
[0057] In the region where the capacity C of the latent 
image carrier 2 is small and the surface potential of the 
latent image carrier 2 is constant at the predetermined 
voltage V 0 or constant at the ground voltage V 1 . nega- 
tive (-) charge is directly transferred between the writing 
electrode 3b being in contact with the latent image car- 
rier 2 and the charged layer 2d of the latent image carrier 
2. That is, charge is applied to or removed from the latent 
image carrier 2 via the charge-transfer. In the region 
where the capacity C or the latent image carrier 2 is large 
and the surface potential of the latent image carrier 2 
starts lo vary, the application or removal of charge rela- 
tive to the latent image carrier 2 via the charge-transfer 
is gradually reduced and discharge Is started between 
the substrate 3a and the base member 2c of the latent 
image carrier 2 as shown in Fig. 4(b) as the capacity C 
of the latent image carrier 2 is increased. Even via the 
discharge, charge can be applied to or removed from 
the surface of the latent image carrier 2. However, when 
the capacity C of the latent image carrier 2 is in this re- 
gion, the application or removal of charge relative to the 
latent image carrier 2 via the charge-transfer is greater 
while the application or removal of charge relative to the 
latent image carrier 2 via the discharge is smaller. This 
means that the application or removal of charge relative 
to the latent image carrier 2 is dominated by the appli- 
cation or removal of charge via the charge-transfer. By 
the application or removal of charge via the charge- 
transfer, the surface potential of the latent image carrier 
2 becomes to the predetermined voltage V 0 to be im- 



pressed to the writing electrode 3d or the ground voltage 
V,. 

[0056] When the capacity C of the latent Image carrier 
2 is greater than the region, there is now little charge- 
transfer between the writing electrode 3b and the 
charged layer 2d of the latent image carrier 2. This 
means that little or no charge is applied to or removed 
from the latent image carrier 2 via the charge-transfer. 
It should be noted that the same is true when the pre- 
determined voltage V 0 is of a positive (+) polarity. 
[0059] Therefore, the application orremoval of charge 
relative to the latent image carrier 2 via the charge-trans- 
fer can be achieved by satisfying a condition that capac- 
ity C of the latent image carrier 2 Is set In such a small 
range as to allow the surface potential of the latent Im- 
age carrier 2 to be constant at the predetermined volt- 
age IV 0 l (this is an absolute value because voltages of 
opposite (±) polarities are available) or constant at the 
ground voitage V 1 and by controlling the voltage to be 
impressed to the writing electrode 3b to be switched be- 
tween the predetermined voltage V 0 and the ground V 1 . 
[0060] Fig. 3(e) shows the relation between the veloc- 
ity (peripheral velocity) v of the latent image carrier 2 
and the surface potential of the latent image carrier 2. 
The aforementioned relation when the writing electrode 
3b is connected to the A side to impress the predeter- 
mined voltage V 0 of a negative (-) polarity.to the writing 
electrode 3b is represented by a solid line in Fig. 3(e). 
As shown by the solid line in Fig. 3(e), the surface po- 
tential of the latent image carrier 2 increases as the ve- 
locity v increases in a region where the velocity v of the 
latent image carrier 2 is relatively low, and the absolute 
value of the surface potential of the latent image earner 
2 is constant in a region where the velocity v of the latent 
image carrier 2 is higher than a predetermined value. 
The reason of increase in the surface potential of the 
latent image carrier 2 with the increase in the velocity v 
of the latent image carrier 2 is considered as thai the 
charge-transfer to the latent image carrier 2 is facilitated 
due to friction between the writing electrode 3b and the 
latent Image carrier 2. The velocity v of the latent Image 
carrier 2 has an extent above which the facilitation of the 
charge-transfer due to friction is no longer increased 
and becomes substantially constant. On the other hand, 
the relation between the velocity v of the latent image 
carrier 2 and the surface potential of the latent image 
carrier 2 when the writing electrode 3b is connected to 
the B side to ground the writing electrode 3b is repre- 
sented by a dotted line in Fig. 3(e). As shown by the 
dotted line in Fig. 3(e), the surface potential of the latent 
image carrier 2 is constant at the ground voltage V., re- 
gardless of the velocity v of the latent image carrier 2. It 
should be noted that the same is true when the prede- 
termined voltage V 0 is of a positive (+) polarity. 
[0061 ] Fig. 3(f) shows the relation between the press- 
ing force applied to the latent image carrier 2 by the writ- 
ing electrode 3b (hereinafter, just referred to as "the 
pressure of the writing electrode 3b tt ) and the surface 
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potential of the latent Image carrier 2. The aforemen- 
tioned relation when the writing electrode 3b is connect- 
ed to the A side to impress the predetermined voltage 
V 0 of a negative (-) polarity to the writing electrode 3b is 
represented by a solid line in Fig. 3(f). As shown by the 
solid line in Fig. 3(f), the surface potential of the latent 
image carrier 2 relatively rapidly increases as the pres- 
sure of the writing electrode 3b increases in a region 
where the pressure of the writing electrode 3b is very 
low, and the absolute value of the surface potential of 
the latent image carrier 2 is constant in a region where 
the pressure of the writing electrode 3b is higher Lhan a 
predetermined value. The reason of the rapid increase 
In. the surface potential of the latent image carrier 2 with 
the increase in the pressure of the writing electrode 3b 
is considered as that the contact between the writing 
electrode 3b and the latent image carrier 2 is further en- 
sured by the increase in the pressure of the writing elec- 
trode 3b. The pressure of the writing electrode 3b has 
ah extent above which the contact certainty between the 
writing electrode 3b and the latent image carrier 2 is no 
longer increased and becomes substantially constant. 
On the other hand, the relation between the pressure of 
the writing electrode 3b and the surface potential of the 
latent image carrier 2 when the writing electrode 3b is 
connected to the B side to ground the writing electrode 
3b is represented by a dotted line in Fig. 3(0- As shown 
by the dotted line in Fig. 3(f), the surface potential of the 
latent image carrier 2 is constant at the ground voltage 
V n regardless of the pressure of the writing electrode 
3b. It should be noted that the same is true when the 
predetermined voltage V 0 is of a positive (+) polarity. 
[0062] Therefore, the application o r removal of charge 
relative to the latent image carrier 2 via the charge-trans- 
fer can be securely and easily achieved by satisfying 
conditions that the resistance R of the writing electrode 
3b and the capacity C of the latent image carrier 2 are 
set in such a manner as to allow the surface potential of 
the latent image carrier 2 to be constant at the prede- 
termined voltage and that the velocity v of the latent im- 
age carrier 2 and the pressure of the writing electrode 
3b are set in such a manner as to allow the surface po- 
tential of the latent image carrier 2 to be constant at the 
predetermined voltage, and by controlling the voftage to 
be impressed to the writing electrode 3b to be switched 
between the predetermined vottage V 0 and the ground 
voltage 

[0063] Though the predetermined voltage V 0 to be im- 
pressed to the writing electrode 3b is a direct current 
voltage in the aforementioned embodiment, an alternat- 
ing current voltage may be superimposed on a direct 
current voltage. When an alternating current voltage is 
superimposed, it is preferable that a DC component is 
set to be a voltage to be impressed to the latent image 
carrier 2, the amplitude of AC component is set to be 
twice or more as large as the discharge starting voltage. 
V th , and the frequency of AC component is set to be 
higher than the frequency in rotation of the latent image 



carrier 2 by about 500-1 ,000 times (for example, assum- 
ing that the diameter of the latent image carrier 2 is 30<{> 
and the peripheral velocity of the latent Image carrier 2 
is 180 mm/sec, the frequency in rotation of the latent 
5 image carrier 2 is 2Hz so that the frequency of AC com- 
ponent is 1, 000-2, 000Hz.). 

[0064] By superimposing an alternating current volt- 
age on a direct current voltage as mentioned above, the 
application or removal of charge via discharge of the 
10 writing electrode 3b is further stabilized. In addition, the 
writing electrode vibrates because of the existence of 
the alternating current, thereby removing foreign mat- 
ters adhering to the writing electrode 3b and thus pre- 
venting contamination of the writing electrode 3b. 
is [0065] Description will now be made as regard to the 
flexible substrate 3a supporting the writing electrodes 
3b of the writing head 3. Fig. 5 is a schematic illustration 
showing an example of the writing head 3, as seen in 
an axial direction of the latent image carrier 2. As men- 
20 tioned, the substrate 3a is made of a flexible material 
being relatively soft and elastic such as a FPC. The sub- 
strate 3a has a plurality of writing electrodes 3b fixed at 
its end 3a t as shown in Fig. 5. The writing electrodes 
3b are aligned in a row extending in the axial direction 
25 (hereinafter, sometimes referred to as "main scanning 
direction") of the latent image carrier 2 as will be de- 
scribed later and the substrate 3a is accordingly formed 
in a rectangular plate shape having a length, along the 
axial direction of the latent image carrier 2, which is sub- 
30 stantially the same as the axial length of the charged 
layer 2d of the latent image carrier 2. The substrate 3a 
is fixed by a suitable fixing member at an end 3a 2 oppo- 
site to the end 3a t where the writing electrodes 3b are 
fixed. The substrate 3a is disposed to extend from the 
35 right side in Fig. 5 to oppose the rotational direction (in- 
dicated by an arrow: the clockwise direction) of the latent 
image carrier 2. It should be noted that the substrate 3a 
may be disposed to extend from the left side in Fig. 5 in 
the same direction as the rotatio nal direction of the latent 
40 image carrier 2. 

[0066] In this state, the substrate 3a is elastically 
slightly deflected to produce weak elastic restoring 
force. By this elastic restoring force, the writing elec- 
trodes 3b are lightly pressed against and in contact with 
<5 the latent image carrier 2 with a small pressing force. 
The fact that the pressing force of the writing electrodes 
3b onto the latent image carrier 2 is small can suppress 
the wearing of the charged layer 2d of the latent image 
carrier 2 due to the writing electrodes 3b, thus improving 
so the durability. The fact that the writing electrodes 3b are 
kept in contact with the charged layer 2d by the elastic 
force of the substrate 3a achieves stable contact of the 
writing electrodes 3b to the charged layer 2d. The sub- 
strate 3a has drivers 11 fixed to the end 3a 2 for control- 
55 Hng the operation of the writing electrodes 3b. 

[0067] In case where the substrate 3a is disposed to 
oppose the rotational direction of the latent image earner 
2 as shown in Fig. 5, the substrate 3a can remove for- 
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eign matters adhering to the latent Image carrier 2, that 
is, the writing head 3 is provided with a cleaning char- 
acteristic. In case where the substrate 3a Is disposed to 
extent in the same direction of the rotational direction of 
the latent image carrier 2, foreign matters adhering to 
the latent image carrier 2 are allowed to pass between 
the substrate 3a and the latent image carrier 2. 
[0068] Fig. 6 is a perspective view partially showing 
the writing head in the image forming apparatus of this 
embodiment. 

[0069] The writing head shown in Fig. 3(a) through 
Fig. 5 comprises a supporting substrate 3a made of a 
flexible material such as FPC of PET, a plurality of wir- 
ings 3c (only two wirings are Illustrated In Fig. 6) which 
are made of a conductive material and are placed on 
the supporting substrate 3a. each wiring 3c extending 
in a direction perpendicular to the main scanning direc- 
tion of the latent image carrier 2, and writing electrodes 
3b each of which is formed at one end of each wiring 3c 
and is composed of a convexity in a rectangular paral- 
lelepiped or a cube form to project toward the latent im- 
age carrier 2 as shown in Fig. 6. Therefore, the writing 
electrodes 3b are aligned in the main scanning direction. 
It should be noted that the other end of each writing 3c 
is connected to a driver 11 as will be described later. 
[0070] Figs. 7(a) through 7(i) are views for explaining 
one example of the method for manufacturing the writing 
head shown in Fig. 6. 

[0071] The method for forming the writing electrodes 
3b composed of convexities aligned in the main scan- 
ning direction comprises: superposing and bonding a 
conductive layer 22 such as Cu onto a substrate insu- 
lating layer 21 which is elastically flexible as shown in 
Fig. 7(a); and then coating the conductive layer 22 with 
a-.photoresist 23 as shown in Fig. 7(b). The coating of 
the photoresist 23 may be conducted by laminating a 
dry film on the conductive layer 22 or by applying liquid 
photoresist onto the conductive layer 22 using a tech- 
nique of dip coating. 

[0072] After that, as shown in Fig. 7(c), a mask pattern 
24 corresponding to a wiring pattern 9 as will be de- 
scribed later is put on the photoresist 23 and is then ex- 
posed to light. As shown In Fig. 7(d), sensitized portions 
of the photoresist 23 are removed by etching and the 
mask pattern is then removed so as to expose portions 
of the conductive layer 22. After that, as shown in Fig. 
7(e), the portions of the conductive layer 22 exposed 
due to the removal of the photoresist 23 are removed 
by acid (sulfuric acid) etching and residual portions of 
the photoresist (non-etched portions of the photoresist) 
23 are also removed. 

[0073] Then, as shown in Fig. 7(f), another photore- 
sist 25 is formed on the substrate insulating layer 21 and 
the residual portions of the conductive layer 22 to coat 
them by the same coating method as mentioned above. 
Another mask pattern 26 is prepared which is designed 
to sensitize portions of the photoresist 25 corresponding 
to locations, where the electrode convexities should be 



formed, on the residual portions of the conductive layer 
22. The mask pattern 26 is put on the photoresist 25 and 
Is then exposed to light. Sensitized portions of the pho- 
toresist 25, i.e. the portions of the photoresist 25 where 
5 the electrode convexities should be formed are removed 
by etching so that the corresponding portions of the con- 
ductive layer 22 are exposed as shown in Fig. 7(g). 
[0074] After that, as shown in Fig. 7(h), the exposed 
portions of the conductive layer 22 are processed by 
10 electrolytic plating 27 to form rectangular parallelopiped 
or cubic convexities. Finally, as shown in Fig. 7(i), the 
residual photoresist 25, the most front layer, is removed 
by etching, thereby manufacturing a writing head, as 
shown in Fig. 6, on which wirings 3c and writing elec- 
ts trodes 3b composed of rectangular parallelopiped or cu- 
bic convexities are formed. 

[0075] It should be understood that the method of 
manufacturing the writing head having writing elec- 
trodes 3b composed of convexities is not limited to the 
20 method illustrated in Figs. 7(a)-7(i) and any suitable 
method which can form electrodes composed of con- 
vexities and wirings on a flexible substrate 3a may be 
employed. 

[0076] Fig. 8 through Fig. 10 are perspective views 
25 similar to Fig. 6, but partially showing another examples 
of the writing head in the image forming apparatus of 
this embodiment. 

[0077] In the writing head 3 of the example shown in 
Fig. 6, each convexity composing each writing electrode 

30 3b is formed in a rectangular parallelopiped or a cube. 
However, in the writing head 3 of the example shown in 
Fig. 8, each convexity composing each writing electrode 
3b is formed in a truncated square pyramid. In the writing 
head 3 of the example shown in Fig. 9, each convexity 

35 is formed by rounding off the top peripheral edges of a 
truncated square pyramid of the example shown in Fig. 
8. Further, in the writing head 3 of the example shown 
in Fig. 10, each convexity composing each writing elec- 
trode 3b is formed in a square pyramid. Furthermore, as 

40 the configuration of the convexity, various configura- 
tions are available, including a circular cylinder, a cone, 
a truncated cone, an elliptic cylinder (cylinder of which 
section is elliptic), an elliptic cone (cone of which section 
is elliptic), a truncated elliptic cone (truncated cone of 

45 which section is elliptic), an oval cylinder (cylinder of 
which section is oval), an oval cone (cone of which sec- 
tion is oval), a truncated oval cone (truncated cone of 
which section is oval), a triangle column, a triangle pyr- 
amid, a truncated triangle pyramid, a polygonal column 

50 (having five corners or more), a polygonal pyramid (hav- 
ing five corners or more), and a truncated polygonal pyr- 
amid (having five corners or more). 
[0078] Rg. 11 is a schematic illustration showing an- 
other example of the writing head 3, as seen in an axial 

55 direction of the latent image carrier 2. In the former ex- 
ample, the rectangular substrate 3a is fixed at its end 
3a 2 and is thus set simply to be elastically slightly de- 
flected. In this example, however, a rectangular sub- 
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strate 3a which Is made of the same material as the sub- 
strate 3a of the former example is bent at its center of a 
direction perpendicular to the axial direction of the latent 
image carrier 2 into a hair pin curve with a curve top 
extending along a line of the axial direction of the latent 
image carrier 2 and the both ends 3a v 3a 2 of the sub- 
strate 3a are fixed by a suitable fixing member. In this 
case, a conductive mounting plate (shield) 10 is inter- 
posed between the both ends 3a A and 3a 2 of the sub- 
strate 3a for preventing the crosstalk between two sec- 
tions of the substrate 3a about the curve top, i.e. the 
upper and lower sections in Fig. 11. 
[0079] Also in this example, the length of the substrate 
3a In the axial direction of the latent image carrier 2 is 
set substantially the same as the axial length of the 
charged layer 2d of the latent image carrier 2 and the 
substrate 3a is provided at a predetermined location of 
a hairpin curve portion (a curved portion) 3a 3 with a plu- 
rality of writing electrodes 3b aligned in the main scan- 
ning direction. In a state where the both ends 3a-| , 3a 2 
of the substrate 3a are fixed as shown in Fig. 11, the 
hair pin curve portion 3a 3 of the substrate 3a is elasti- 
cally slightly deflected so that the writing electrodes 3b 
are lightly pressed against and in contact with the latent 
image carrier 2 by the weak elastic restoring force of the 
hair pin curve portion 3a 3 of the substrate 3a. In the writ- 
ing head 3 of this example, the substrate 3a is supported 
by the both ends3a 1( 3a 2 , thus allowing the writing elec- 
trodes 3b to be further securely and stably kept in con- 
tact with the latent image carrier 2 as compared to the 
former example. Though drivers 11 for the electrodes 
3b fixed to the both ends 3a 1 , 3a 2 of the substrate 3a, 
respectively are shown in Fig. 1 1 , this arrangement cor- 
responds to an array pattern of electrodes shown in Fig. 
15 as will be described later. 

[0080] Figs. 1 2(a)-1 2(c) show array patterns for align- 
ing a plurality of writing electrodes 3b in the main scan- 
ning direction, wherein Fig. 12(a) is a view showing the 
simplest array pattern for writing electrodes and Figs. 
12(b) and 12(c) are views showing array patterns for 
writing electrodes which achieve to solve problems of 
the array pattern shown in Fig. 12(a). 
[0081] In the simplest array pattern (electrode pat- 
tern) for the writing electrodes 3b, as shown in Fig. 12 
(a), a plurality of rectangular writing electrodes 3b are 
aligned in a row extending in the main scanning direction 
to secure an image formation region. The row is single 
in a direction perpendicular to the axial direction of the 
latent image carrier (hereinafter, sometimes referred to 
as "feeding direction"). In this case, among the writing 
electrodes 3b, a predetermined number (eight in the il- 
lustrated example) of writing electrodes 3b are connect- 
ed to and thus united by a driver 11 which controls the 
corresponding electrodes 3b by switching the supply 
voltage between the predetermined voltage V 0 or the 
ground voltage V.,. Plural units of writing electrodes 3b 
are aligned in the same row extending in the main scan- 
ning direction. The row of the drivers is single in the feed- 



ing direction. 

[0082] However, when simple rectangular electrodes 
3b are simply aligned In a single row extending In the 
main scanning direction just like this pattern, there 

5 should be clearances between adjacent electrodes 3b. 
Portions of the surface of the latent image carrier 2 cor- 
responding to the clearances can not be subjected to 
the application or removal of charge, leading to an im- 
age defect due to linear stains. Therefore, in the array 

io pattern (hereinafter, sometimes referred to as "elec- 
trode pattern") for the writing electrodes 3b shown in Fig. 
12(b), the writing electrodes 3b are each formed in a 
triangle and are arranged, in such a manner that the ori- 
entations of the triangles of the writing electrodes 3b are 

is alternately inverted (that is, In the orthographic position 
and the Inverted position). 

[0083] In this case, the writing electrodes 3b are ar- 
ranged such that, as shown in Fig. 13, one end 3b 2 of 
the triangle base of one writing electrode 3b is over- 
do lapped with one end 3b., of the triangle base of a next 
writing electrode 3b on the left of the one writing elec- 
trode 3b, as seen in the direction perpendicular to the 
axial direction of the latent image carrier 2 (the rotational 
direction of the latent image carrier 2; the feeding direc- 
ts tion), while the other end 3b 3 of the triangle base of the 
one writing electrode 3b is overlapped with one end 3b 4 
of the triangle base of the other next writing electrode 
3b on the right of the one writing electrode 3b t as seen 
in the rotational direction of the latent image carrier 2. 
30 The design of partially overlapping adjacent writing elec- 
trodes 3b in the rotational direction of the latent image 
carrier 2 can eliminate such portions in the surface of 
the latent image carrier 2 that are not subjected to the 
application or removal of charge, thereby achieving ap- 
35 plication or removal of charge relative to the entire sur- 
face of the latent image carrier 2. This design can there- 
fore prevent the occu rrence of image defect due to linear 
stains. Furthermore, foreign mailers adhering to the sur- 
face of the latent image carrier 2 are allowed to pass 
40 through spaces between the adjacent writing electrodes 
3b, thereby preventing the occurrence of filming due to 
foreign matters adhering to the writing electrodes 3b. 
[0084] Also in this example, in the same manner as 
the example shown in Fig. 12(a), plural units are each 
45 formed by connecting a predetermined number of elec- 
trodes 3b to one driver 11 and are aligned in one row. It 
should be noted that, instead of triangle, each electrode 
3b may be formed in any configuration that allows adja- 
cent electrodes to be partially overlapped with each oth- 
50 er as seen in the feeding direction, for example, a trap- 
ezoid, a parallelogram, and a configuration having at 
least one oblique side among sides opposed to adjacent 
electrodes 3b. 

[0085] In the array pattern for the writing electrodes 
55 3b shown in Fig. 12(c), the writing electrodes 3b are 
each formed in circle and are aligned in two rows (first 
and second rows) extending in the main scanning direc- 
tion in such a manner that the writing electrodes 3d are 
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arranged in a zigzag fashion. The two rows are arranged 
in parallel with each other in the feeding direction. In this 
case, the electrodes are arranged such that electrodes 
which are in different rows but adjacent to each other 
are partially overlapped with each other as seen in the 
feeding direction. Also this array pattern can eliminate 
such portions in the surface of the latent image carrier 
2 that are not subjected to the application or removal of 
charge, thereby achieving application or removal of 
charge relative to the entire surface of the latent image 
•carrier 2. 

[0086] As mentioned above, by aligning the writing 
electrodes 3b in two parallel rows each extending in the 
main scanning direction In such a manner that the writ- 
ing electrodes 3d are arranged in a zigzag fashion, por- 
tions of the writing electrodes 3b can be easily and se- 
curely overlapped as seen in the feeding direction and 
the array structure of the writing electrodes 3b can be 
simplified. 

[0087] In this example, plural units are each formed 
of a predetermined number of electrodes 3b some of 
which are in the first row and the other are in the second 
row by connecting these electrodes 3b to one driver 11 
and are aligned in the main scanning direction. The re- 
spective drivers 1 1 are disposed on the same side of the 
corresponding electrodes 3b. As shown in Fig. 14, the 
respective drivers 1 1 are electrically connected by con- 
ductive patterns (Cu patterns) 9 made of copper (Cu) 
foil which is formed on the substrate 3a and each line of 
which is formed into a thin flat bar-like shape having a 
rectangular section (sections are shown in Figs. 17(a)- 
17(d) as will be described later). In the same manner, 
the drivers 11 are electrically connected to the corre- 
sponding electrodes 3b by the conductive patterns 9. In 
.addition, the electrodes 3b and the drivers 11 are con- 
nected to a power source (not shown).The conductive, 
patterns 9 can be formed by a conventional known pat- 
tern forming method such as etching. 
[0088] Line data signals, writing timing signals, and 
high voltage power are supplied to the respective drivers 
11 from the upper side in Fig. 14 so that the drivers 11 
controls the corresponding electrodes 3b by switching 
the supply voltage between the predetermined voltage 
IV 0 I and the ground voltage V 1 according to the line data 
signals and the writing timing signals. 
[0089] It should be noted that an oval, an ellipse, a 
square, a pentagon, or a polygon having 6 or more cor- 
ners may be employed as the shape of the electrodes, 
instead of the aforementioned shapes. 
[0090] Fig. 1 5 is a view showing stilj another example 
of the array pattern for the writing electrodes 3b. 
[0091] As shown in Fig. 15, in this array pattern for 
the writing patterns 3b, the writing electrodes 3b are 
each formed in rectangle. In the same manner as the 
example shown In Fig. 12(c), the writing electrodes 3b 
are aligned in two parallel rows (first and second rows) 
extending in the main scanning direction in such a man- 
ner that the writing electrodes 3d are arranged in a zig- 



zag fashion and arranged such that electrodes which 
are in different rows but adjacent to each other are par- 
tially overlapped with each other as seen in the feeding 
direction. Also this array pattern can eliminate such por- 

s tions in the surface of the latent image carrier 2 that are 
not subjected to the application or removal of charge, 
thereby achieving uniform application or removal of 
charge relative to the entire surface of the latent image 
carrier 2. By rounding off the four comers of the rectan- 

'0 gle of each writing electrode 3b, sharp angled portions 
(edges) are eliminated, thereby preventing the dis- 
charge between adjacent writing electrodes, but not il- 
lustrated. 

[0092] In this example, a predetermined number of 

15 electrodes 3b in the first row are connected to and united 
by one driver 11 and a predetermined number of elec- 
trodes 3b in the second row are connected to and united 
by another driver 11. For each row, plural units are 
formed and aligned. The drivers 1 1 for the electrodes 3b 

20 in the first row are disposed on the opposite side of the 
drivers 1 1 for the electrodes 3b in the second row such 
that these electrodes 3b are located therebetween and, 
as shown in Fig. 11 , the opposed drivers 11 are fixed to 
the both ends3a 1 ,3a 2 , respectively, of the substrate 3a 

25 which is bent in a hair pin curve. It should be understood 
that the rounding off comers of the writing electrodes is 
not limited to rectangular electrodes and may be applied 
to triangular electrodes and other polygonal electrodes. 
[0093] Figs. 1 6(a)-1 6(d) are views showing still anoth- 

30 er examples of the array pattern for the writing elec- 
trodes 3b. 

[0094] In any of the array patterns for the writing elec- 
trodes 3b of the aforementioned examples shown in Fig. 
12(c) and Fig. 15. the writing electrodes 3b are aligned 

35 in two parallel rows extending in the main scanning di- 
rection in such a manner that the writing electrodes 3d 
are arranged in a zigzag fashion. In the array pattern for 
the writing electrodes 3b of an example shown in Figs. 
16(a) and 16(b), however, writing electrodes 3b are 

40 aligned in two rows (first and second rows) which are 
completely identical to each other and spaced at a pre- 
determined distance in the direction perpendicular to the 
axial direction of the latent Image carrier 2, wherein the 
first row consists of writing electrodes 3b which are, for 

45 example, trapezoidal and the second row consists of 
writing electrodes 3'b corresponding to the writing elec- 
trodes 3b of the first row. That is, two identical writing 
electrodes 3b, 3'b are arranged in a line along the feed- 
ing direction. This design achieves further secured and 

so stable application of charge relative to the charged layer 
2d of the latent image carrier 2. It should be noted that, 
in the same manner as the example shown in Fig. 12 
(b), opposed oblique sides of adjacent trapezoidal elec- 
trodes 3b or 3'b in the same row are partially overlapped 

55 with each other as seen in the feeding direction. 

[0095] In the array pattern of an example shown in 
Fig. 16(c), the orientations of trapezoids of the writing 
electrodes 3b in the first row are mirror image of those 
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of the writing electrodes 3'b in the second row in the ex- 
ample shown in Fig. 16(b). The array pattern of an ex- 
ample shown in Fig. 16(d) includes two additional rows 
in addition to the array pattern shown in Fig. 15. Each 
additional row is arranged adjacent to and in parallel 
with each of the rows shown in Fig. 15 in the feeding 
direction, wherein the writing electrodes 3b in the rows 
shown in Fig. 15 are arranged in zigzag fashion. The 
writing electrodes 3'b in each additional row are identical 
and correspond to those in the adjacent row so that two 
identical writing electrodes 3b, 3'b are arranged in a line 
along the feeding direction. The actions and effects of 
these examples are equal to those of the example 
shown In Fig. 16(c). 

[0096] Figs. 17(a)-17(d) are sectional views each 
showing an example of the writing electrodes 3b of the 
writing device 3. In the drawings for the aforementioned 
examples, the writing electrodes 3b of the writing device 
3 are illustrated with their contact portions to the latent 
image carrier 2 facing downward, in Figs. 17(a)-17(d), 
however, the writing electrodes are illustrated with their 
contact portions to the latent image carrier 2 facing up- 
ward. 

[0097] In the writing device 3 of an example shown in 
Fig. 1 7(a), a resistant layer 1 3 having a rectangular sec- 
tion is formed on each electrode forming portion of the 
surface of the conductive pattern (Cu pattern) 9 formed 
on the substrate 3a so as to form each writing electrode 
3b having double layered structure. The resistant layer 
13 can be formed by a conventional, known coating 
method, for example by using an inkjet printer. Another 
known coating means may be employed instead of the 
inkjet printer. In case of using an inkjet printer, the thick- 
ness of the resistant layer 1 3 can be controlled with high 
precision, thereby achieving further accurate control of 
charge on the latent image carrier 2. When the resist- 
ance of the resistant layer 13 is relatively small, the ap- 
plication or removal of charge is dominated by the 
charge-transfer between the writing electrodes 3b and 
the latent image carrier 2. On the other hand, when the 
resistance of the resistant layer 1 3 is relatively large, the 
application or removal of charge is dominated by the dis- 
charge between the writing electrodes 3b and the latent 
image carrier 2. 

[0098] When the resistance value of the writing elec- 
trode 3b is set at 1 0 Q ll cm or less, a predetermined time 
constant can be ensured, thus achieving uniform 
charge. On the other hand, when the resistance value 
of the writing electrode 3b is set at 10 6 £2 cm or more, 
the electrostatic breakdown due to pin holes of the 
charged layer 2d of the latent image carrier 2 can be 
prevented. Therefore, it is preferable that the resistance 
value of the resistant layer 13 of the writing electrode 3b 
is set in a range from I0 6 £2cm to lO 8 ^ cm. 
[0099] The writing electrode 3b of this example is de- 
signed such that the surface of the resistant layer 13 is 
in plane contact with the charged layer 2d of the latent 
image carrier 2. The function of the resistant layer 13 of 



the writing electrode 3b provided on the conductive pat- 
tern 9 prevents the broadening of the charge-transfer in 
the lateral direction. This achieves effective charge- 
transfer between the writing electrode 3b and the latent 
5 image carrier 2. It should be noted that the resistant lay- 
er 13 is not limited to be formed to have a rectangular 
section as shown in Fig. 1 7(a) and thus may be formed 
in a half-cylindrical configuration having a semi-circular 
section which projects upwardly in Fig. 17(a) and of 
which axial direction is parallel to the feeding direction. 
In case of the resistant layer 13 having this half-cylindri- 
cal configuration, the resistant layer 1 3 should be in line 
contact with the charged layer 2d of the latent image 
carrier 2 along the feeding direction. It should be noted 
that this line contact may be inclined against the feeding 
direction. 

[0100] In the writing device 3 of an example shown in 
Fig. 17(b), the resistant layer 13 of the electrode 3b is 
formed in a semi-circular convex shape projecting up- 
wardly, instead of the shape having a rectangular sec- 
tion of the aforementioned example shown in Fig. 17(a). 
Therefore, the top of the resistant layer 1 3 is a spherical 
surface so that the resistant layer 13 is in point contact 
with the charged layer 2d of the latent image carrier 2. 
According to this structure, charge-transfer is conducted 
at the point contact portion between the resistant layer 
1 3 and the charged layer 2d and charge-transfer due to 
charge leak is also conducted around the point contact 
portion, whereby application or removal of charge rela- 
tive to the charged layer 2d can be conducted via the 
charge-transfer. Since the surface of the resistant layer 
13 is spherical, discharge is conducted at location 
around and near the point contact portion between the 
resistant layer 13 and the charged layer 2d. Therefore, 
application or removal of charge relative to the charged 
layer 2d can be conducted also via the discharge. Fur- 
ther, this discharge can achieve application or removal 
of charge relative to the charged layer 2d without forma- 
tion of portions, as mentioned above, in the charged lay- 
er 2d which are not subjected to the application or re- 
moval of charge. Furthermore, because of point con- 
tacts, foreign. matters adhering to the surface of the la- 
tent image carrier 2 are allowed to pass, thereby pre- 
venting the occurrence of filming on the surface of the 
latent image carrier 2. Still further, since the resistant 
layer 1 3 is made of materia! easily to wear, the resistant 
layer 13 is shaved by contact of the surface of the re- 
sistant layer 13 of the writing electrodes 3b relative to 
the latent image carrier 2, whereby the resistant layer 
13 of the writing electrode 3b can have a fresh surface. 
In this manner, by making the portion of the writing elec- 
trode confronting the latent image carrier from material 
easily to wear, the surface of the writing electrode can 
be kept fresh, thus preventing the filming. 
[01 01 ] In the writing device 3 of an example shown in 
Fig. 1 7(c), a protective layer 1 4 is formed as an overcoat 
on the spherical tops of the resistant layers 13 as the 
example shown in Fig. 1 7(b) and the surface of the sub- 
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strate 3a. This protective layer 14 makes the surfaces 
of the resistant layers 13 hard to wear and hard to be 
adhered with foreign matters. 

[0102] in the writing device 3 of an example shown In 
Fig. 1 7(d), a large number of microscopic spherical par- 
ticles 12 are arranged to be freely roll on the surface of 
the substrate 3a supporting the writing electrodes 3b 
with the resistant layers 1 3 each having a spherical top 
as the example shown in Fig. 17(b), facilitating passing 
of foreign matters. With the aid of the microscopic par- 
ticles 12, foreign matters can easily pass between the 
writing electrodes 3b and the latent image carrier 2 and 
improved lubrication can be obtained between the writ- 
ing electrodes 3b and the foreign matters, thereby pre- 
venting adhering of foreign matters to the writing elec- 
trodes 3b. The particle size of the microscopic particles 
12 is normally setto have a diameter widely smaller than 
the particle diameter of toner (developing powder). Be- 
cause the particle diameter of toner is normally about 
10 {j.m, the microscopic particles 12 are set to have a 
very small diameter of 1 n.m or less. The microscopic 
particles are made of transparent resin such as acrylic 
resin. Since the microscopic particles 12 are made of 
transparent resin, the microscopic particles 12 never af- 
fect the image portions even if the particles 12 move to 
the image portions. 

[0103] The microscopic particles 12 are supplied to 
the substrate 3a and the entire surfaces of the writing 
electrodes 3b : only to the writing electrodes 3b, or to 
other locations than the writing electrodes 3b. When the 
microscopic particles 12 are supplied to the entire sur- 
faces, lubricity between the substrate 3a, the entire sur- 
faces of the writing electrodes 3b, and the latent image 
carrier 2 is improved. When the microscopic particles 
12 are supplied only to the writing electrodes 3b, the gap 
between the writing electrodes 3b and the latent image 
carrier 2 can be kept constant so as to improve the dis- 
charge. When the microscopic particles 1 2 are supplied 
to other locations than the writing electrodes 3b, the 
charge-transfer is conducted by the writing electrodes 
3b and lubricity at the locations supplied with the micro- 
scopic particles 12 is improved. 

[01 04] Fig. 1 8 is a view similar to Fig. 5, but showing 
another example of the image forming apparatus ac- 
cording to the present invention. 

[0105] In any of the aforementioned examples, the 
writing electrodes 3b are arranged in contact with the 
latent image earner 2. In the image forming apparatus 
1 of this example, however, the v/riting electrodes 3b are 
arranged in proximity to the latent image carrier 2 to 
have a predetermined gap (slight distance) therebe- 
tween so as to occur the discharge relative to the latent 
image carrier 2. That is, as shown in Fig. 18, the sub- 
strate 3a is provided with an insulating layer 28 on a 
surface facing the latent Image carrier 2. in this case, 
the insulating layer 28 is formed in such a manner that 
the writing electrode 3b as an electrode section of the 
conductive pattern 9 is exposed from the conductive 



pattern 9 formed on the substrate 3a. The thickness of 
the Insulating layer 28 is set to be larger than the thick- 
ness of the writing electrode 3b by a predetermined val- 
ue. 

5 [0106] The insulating layer 28 is lightly pressed 
against the latent image carrier 2 by weak elastic restor- 
ing force created by deflection of the substrate 3a so 
that the insulating layer 28 is in contact with the latent 
image carrier 2. Because of the difference in thickness 

io between the insulating layer 28 and the writing electrode 
3b, the writing electrode 3b is arranged in proximity to 
the latent image carrier 2 to have the predetermined gap 
(slight distance) therebetween while the insulating layer 

28 Is in contact with the latent image carrier 2. The slight 
*5 distance is set, for example, in a range from 30 jim to 

1 00 urn. The distance can be adjusted by the thickness 
of the insulating layer 28. The adjustment of the distance 
can be made during a process of forming the insulating 
layer 28. For example, when the insulating layer 28 is 
20 formed of an insulating photoresist, the distance can be 
adjusted during a process of applying the insulating pho- 
toresist onto the substrate 3a. 

[0107] Figs. 19(a) through 19(c) are views similar to 
Fig. 1 7, but showing examples of the writing device 3 in 

25 which the writing electrodes 3b are arranged in proximity 
to the latent image carrier 2, respectively. In Figs. 19(a) 
through 1 9(c), the writing electrodes are illustrated with 
their contact portions to the latent image carrier 2 facing 
upward, just like Fig. 17. 

30 [0108] In the writing device 3 of an example shown In 
Fig. 19(a), a conductive pattern (Cu pattern) 9 is com- 
posed of a predetermined number of foil-shaped con- 
ductive material (copper foil) lines 9a formed on the sub- 
strate 3a. Formed at electrode sections of the conduc- 

35 tive material lines 9a are the writing electrodes 3b. In- 
sulating layers 28 are interposed between adjacent con- 
ductive material lines 9a, respectively and an insulating 
layer 28 is also provided on the inside of the inner-most 
conductive material line 9a. 

40 [0109] In this example, the writing electrodes 3b con- 
front with the charged layer 2d as planes and are ar- 
ranged in proximity to the charged layer 2d of the latent 
image carrier 2. 

[0110] In the writing device 3 of an example shown in 
-*5 Fig. 1 9(b). the conductive material lines 9a including the 
writing electrodes 3b and the insulating layers 28 are 
coated with protective layers 29. The protective layers 

29 put on the conductive material lines 9a prevent the 
conductive material lines 9a including the writing elec- 

50 trodes 3b from rusting due to ozone o 3 if any generated. 
On the other hand, the protective layers 29 put on the 
insulating layers 28 has lubricity to prevent wear of the 
insulating layers 28 due to contact with the latent image 
carrier 2, thereby keeping the predetermined gap (slight 

55 distance) between the latent image carrier 2 and the 
writing electrodes 3b. 

[0111] In the writing device 3 of an example shown In 
Fig. 1 9(c), a large number of microscopic spherical par- 
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tides 12 are arranged to be freely roll on the surfaces 
of the writing electrode 3b sections on the conductive 
pattern 9 of the example shown in Fig. 1 9(a), facilitating 
passing of foreign matters. The microscopic particles 12 
are the same as the microscopic particles 12 shown in 
Fig. 17(a) described above. With the aid of the micro- 
scopic particles 12, foreign matters can easily pass be- 
tween the writing electrodes 3b and the latent image car- 
rier 2 and improved lubrication can be obtained between 
the writing electrodes 3b and the foreign matters, there- 
by preventing adhering of foreign matters to the writing 
electrodes 3b. In addition, with the aid of the microscopic 
particles 12, the gap between the writing electrodes 3b 
and the latent Image carrier 2 can be kept constant. 
These microscopic particles 1 2 are made of transparent 
resin such as acrylic resin to have a very small diameter 
of 1 [xm or less. Since the microscopic particles 12 are 
made of transparent resin, the microscopic particles 12 
never affect the image portions even if the particles 12 
move to the image portions. It should be noted that the 
microscopic particles may be supplied to the insulating 
layers 28 so as to improve the lubrication between the 
insulating layers 28 and the latent image carrier 2. 
[01 1 2] it should be noted that an insulating layer 28a, 
located at the end of the substrate 3a after the writing 
electrode 3b, shown in Fig. 18 can be eliminated. 
[0113] Fig. 20 is a diagram showing a switching circuit 
for switching the voltage to be connected to the writing 
electrodes 3b between the predetermined voltage V 0 
and the ground voltage V v 

[0114] As shown in Fig. 20, the writing electrodes 3b 
which is arranged, for example, in four lines are con- 
nected to corresponding high voltage switches (H.V.S. 
W.) 15, respectively. Each of the high voltage switches 
15 can switch the voltage to be supplied to the corre- 
sponding electrode 3b between the predetermined volt- 
age V 0 and the ground voltage V n . An image writing con- 
trol signal is inputted into each high voltage switch 15 
from a shift resistor (S.R.) 1 6, to which an image signal 
stored in a buffer 1 7 and a clock signal from a clock 1 8 
are inputted. The image writing control signal from the 
shift resistor is inputted into each high voltage switch 15 
through each AND circuit 1 9 in accordance with a writing 
timing signal from an encoder 20. The high voltage 
switches 15 and the AND circuits19 cooperate together 
to form the aforementioned driver 11 which controls the 
supply voltage for the corresponding electrodes 3b. 
[0115] Figs. 21(a)-21(c) show profiles when the sup- 
ply voltage for each electrode 3b is selectively controlled 
into the predetermined voltage V 0 or the ground voltage 
V 1 by switching operation of the corresponding high volt- 
age switch 15, wherein Fig. 21(a) is a diagram showing 
the voltage profiles of the respective electrodes, Fig. 21 
(b) is a diagram showing a developing powder image 
obtained by normal developing with the voltage profiles 
shown in Fig. 21 (a), and Fig. 21 (c) is a diagram showing 
a developing powder image obtained by reverse devel- 
oping with the voltage profiles shown in Fig. 21(a). 



[0116] Assuming that the electrodes 3b ; for example 
as shown in Figs. 21 (a)-21 (c), five electrodes indicated 
by n-2, n-1 , n, n+1 , and n+2, respectively, are controlled 
to be into the voltage profiles shown in Fig. 21(a) by 
5 switching operation of the respective high voltage 
switches 15. When an electrostatic latent image is writ- 
ten on the latent image carrier 2 with the electrodes 3b 
having the aforementioned voltage profiles and is then 
developed normally, the developing powder 8 adheres 
10 to portions at the predetermined voltage V 0 of the latent 
image carrier 2, thereby obtaining a developing powder 
image as shown by hatched portions in Fig. 21 (b). When 
an electrostatic latent image is written in the same man- 
ner and is then developed reversely, the developing 
is powder 8 adheres to portions at the ground voltage V, 
of the latent Image carrier 2, thereby obtaining a devel- 
oping powder image as shown by hatched portions in 
Fig. 21(c). 

[0117] According to the image forming apparatus 1 
employing the writing device 3 having the aforemen- 
tioned structure, the plurality of writing electrodes 3b are 
aligned in the main scanning direction of the latent im- 
age carrier 2, thereby making the array pattern (elec- 
trode pattern) simple and ensuring an image formation 
region. 

[0118] In addition, the writing electrodes 3b are sup- 
ported by the flexible substrate 3a, thereby stabilizing 
the positions of the writing electrodes 3b relative to the 
latent image carrier 2 and thus stably and reliably con- 
ducting the application or removal of charge by the writ- 
ing electrodes 3b relative to the latent image carrier 2. 
Therefore, stable writing of an electrostatic latent image 
is achieved, thus reliably obtaining a high quality image 
with high precision. 

[0119] Further, every pair of writing electrodes 3b 
which are next to each other are partially overlapped 
with each other as seen in the feeding direction of the 
latent image carrier 2, thereby eliminating such portions 
in the surface of the latent image carrier 2 that are not 
subjected to the application or removal of charge and 
thus achieving uniform application or removal of charge 
relative to the entire surface of the latent image carrier 
2. Therefore, the occurrence of image defect due to lin- 
ear stains can be prevented. 

[0120] Furthermore, corners of a polygon of each writ- 
ing electrode 3b are rounded off to eliminate sharp an- 
gled portions (edges), thereby preventing the discharge 
between adjacent writing electrodes. 
[01 21 ] Since the writing electrodes 3b can be securely 
kept in contact with the latent image carrier with a small 
pressing force by the flexible substrate 3a or securely 
kept in proximity to the latent image carrier 2, the gap 
(space) between the writing electrodes 3b and the latent 
image carrier 2 can be extremely reduced. The reduced 
gap practically reduces the possibiliry that air existing In 
the gap is undesirably ionized, thereby further reducing 
the generation of ozone and enabling the formation of 
an electrostatic latent image with low potential. In addi- 
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tlon, the latent Image carrier 2 can be prevented from 
being damaged by the writing electrodes, thus improv- 
ing .the durability of the latent image carrier 2. 
[0122] Since the writing electrodes 3b are in contact 
with the latent image carrier 2 by a small pressing force, 
the latent image carrier 2 can be prevented from being 
damaged by the writing electrodes 3b, thus improving 
the durability of. the latent image carrier 2. 
[01 23] Further, since the writing device 3 employs on- 
ly the writing electrodes 3b without using a laser beam 
generating device or a LED light generating device 
which is large in size as conventionally used, the appa- 
ratus size can be reduced and the number of parts can 
also be reduced, thereby obtaining an Image forming 
apparatus which is simple and low-price. 
[0124] Moreover, the substrate 3a and the writing 
electrodes 3b are coated with the protective layers 14, 
29. The protective layers 14,29 prevent wear of the writ- 
ing electrodes 3b and prevent foreign matters from ad- 
hering to the writing electrodes 3b. It should be noted 
that, according to the present invention, it is not neces- 
sary to coat both of the substrate 3a and the writing elec- 
trodes 3b with the protective layers 14, 29 and it is 
enough to coat at least the writing electrodes 3b with the 
protective layers 14, 29. 

[0125] Fig. 22 is a view similar to Fig. 5 but schemat- 
ically and partially showing another example of the im- 
age forming apparatus according to the present inven- 
tion. 

[0126] In any of the aforementioned examples, the 
charge control device 7 for uniformly charging the latent 
image carrier 2 is provided separately from the writing 
device 3. in the image forming apparatus 1 of this ex- 
ample, the charge control device 7 is disposed on the 
substrate 3a of the writing device 3 as well as the writing 
electrodes 3a. That is, a uniformly charging electrode 
7e of the charge control device 7 is disposed on the end 
3a1 of the substrate 3a of the writing device 3 in such a 
manner that the writing electrodes 3b are spaced apart 
from Ihe uniformly charging electrode 7e at a predeter- 
mined gap. In this case, the uniformly charging elec- 
trode 7e is formed into a thin plate-like shape having a 
rectangular section. The uniformly charging electrode 
7e is continuously disposed to extend in the axial direc- 
tion of the latent image carrier 2 along the same length 
as the axial length of the charged layer 2d of the latent 
image carrier 2. The writing electrodes 3b and the uni- 
formly charging electrode 7 are kept in contact with the 
surface of the latent image carrier 2 with a small press- 
ing force by weak elastic restoring force created by de- 
flection of the substrate 3a. 

[01 27] In the image forming apparatus 1 of this exam- 
ple having the aforementioned structure, after the sur- 
face of the latent image carrier 2 is uniformly charged 
by the uniformly charging electrode 7e on the end 3a., 
of the substrate 3a, the writing electrodes 3b write an 
electrostatic latent image on the surface of the latent im- 
age carrier 2 by applying charge to or removing charge 



from selected areas of the surface of the latent Image 
carrier 2 through discharge of the writing electrodes 3b. 
[01 28] In the image forming apparatus of this exam- 
ple, the uniformly charging electrode 7e and the writing 
5 electrodes 3b are disposed together, thereby allowing 
the manufacture of an image forming apparatus 1 which 
is smaller in size and simpler in structure. The other 
structures, actions, and effects of the image forming ap- 
paratus 1 of this example are the same as those of the 
io example shown in Fig. 5. 

[01 29] It should be understood that the design of pro- 
viding the uniformly charging electrode 7e and the writ- 
ing electrodes 3b as one unit is not limited to the illus- 
trated example shown in Fig. 22, may be applied to any 
of the image forming apparatuses of the aforementioned 
examples and, In addition, any case applied with this 
design can exhibit the same works and effects. A suita- 
ble insulator may be arranged in the gap between the 
writing electrodes 3b and the uniformly charging elec- 
trode 7e. 

[01 30] As apparent from the aforementioned descrip- 
tion, in the image forming apparatus of the present in- 
vention, a plurality of writing electrodes are aligned in 
the main scanning direction of a latent image carrier, 
thereby making a simple array pattern (electrode pat- 
tern) and ensuring an image formation region. 
[01 31 ] In addition, the writing electrodes are support- 
ed by a flexible substrate, thereby stabilizing the posi- 
tions of the writing electrodes relative to the latent image 
carrier and thus stably and reliably conducting the ap- 
plication or removal of charge by the writing electrodes 
relative to the latent image carrier. Therefore, stable 
writing of an electrostatic latent image is achieved, thus 
reliably obtaining a high quality image with high preci- 
sion. 

[0132] Since the writing electrodes can be securely 
kept in contact with the latent image carrier with a small 
pressing force by the flexible substrate or securely kepi 
in proximity to the latent image carrier, the gap (space) 
between the writing electrodes and the latent image car- 
rier can be extremely reduced. The reduced gap prac- 
tically reduces the possibility that air existing in the gap 
is undesirably ionized, thereby further reducing the gen- 
eration of ozone and enabling the formation of an elec- 
trostatic latent image with low potential. In addition, the 
latent image carrier can be prevented from being dam- 
aged by the writing electrodes, thus improving the du- 
rability of the latent image carrier. 
[0133] Further, since the writing device employs only 
the writing electrodes without using a laser beam gen- 
erating device or a LED light generating device which is 
large in size as conventionally used, the apparatus size 
can be reduced and the number of parts can also be 
reduced, thereby obtaining an image forming apparatus 
which is simple and low-price. 

[0134] The writing electrodes v/hich aligned just In a 
single row extending in the main scanning direction, 
thereby making a simple array pattern (electrode pat- 
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tern) and ensuring an Image formation region. 
[0135] Further, every pair of adjacent writing elec- 
trodes which are next to each other are partially over- 
lapped with each other as seen in the feeding direction 
of the latent image carrier, thereby eliminating such por- 
tions in the surface of the latent image carrier that are 
not subjected to the application or removal of charge 
and thus achieving uniform application or removal of 
charge relative to the entire surface of the latent image 
carrier. Therefore, the occurrence of image defect due 
to linear stains can be prevented. 
[01 36] The writing electrodes are each formed in a tri- 
angle, a parallelogram, or a trapezoid, thereby allowing 
foreign matters adhering to the surface of the latent Im- 
age carrier to smoothly and easily pass through spaces 
between adjacent writing electrodes because the for- 
eign matters can be guided by oblique sides of the tri- 
angles, parallelograms, or trapezoids. 
[0137] Further, the triangular or trapezoidal writing 
electrodes are arranged in such a manner that the ori- 
entations of the triangles or trapezoids of the writing 
electrodes are alternately inverted. This arrangement 
enables the triangular or trapezoidal writing electrodes 
to be efficiently aligned in a compact form in the main 
scanning direction. This arrangement of alternately in- 
verting the orientations of the triangular or trapezoidal 
writing electrodes ensures the adjacent writing elec- 
trodes to be efficiently partially overlapped with each 
other as seen in the feeding direction, thereby efficiently 
and securely exhibiting the effect of overlapping men- 
tioned above. 

[0138] Furthermore, since the writing electrode can 
be formed in a circle, an oval, an ellipse, a rectangle, a 
square, a pentagon, a polygon having 6 or more cor- 
ners, or a polygon with rounded corners, the writing 
•electrode is flexible to be employed in various types of 
image forming apparatuses using writing electrodes. In 
particular, by rounding off corners of a polygon of the 
writing electrode to eliminate sharp angled portions 
(edges), the discharge between adjacent writing elec- 
trodes can be prevented. 

[01 39] The writing electrodes are aligned in a plurality 
of parallel rows each extending in the main scanning di- 
rection, thereby ensuring the adjacent writing electrodes 
to be efficiently partially overlapped with each other as 
seen in the feeding direction, thereby efficiently and se- 
curely exhibiting the effect of overlapping mentioned 
above. In particular, according to the invention defined 
in claim 8, the writing electrodes are aligned in two par- 
allel rows extending in the axial direction, thus making 
the arrangement of the writing electrodes more simple 
and easily arranging the writing electrodes while over- 
lapping portions thereof. 

[0140] Moreover, at least the writing electrodes are 
coated with the protective layers. The protective layers 
prevent wear of the writing electrodes and prevent for- 
eign matters from adhering to the writing electrodes. 
[01 41] In addition, sincethe portion of the writing elec- 



trode confronting the latent image carrier is made of ma- 
terial easily to wear, the surface of the writing electrode 
should wear to have a fresh surface so that the surface 
of the writing electrode can be kept fresh, thus prevent- 
5 ing the filming of the writing electrode. 



Claims 

10 1. An image forming apparatus comprising at least: a 
latent image carrier on which an electrostatic latent 
image is formed, a writing device for writing said 
electrostatic latent image on said latent image car- 
rier, and a developing device for developing said 

15 electrostatic latent image on the latent image carri- 
er, wherein said electrostatic latent Image, written 
on said latent image carrier by said writing device, 
is developed by said developing device, thereby 
forming an image, said image forming apparatus 

20 being characterized In 

that said writing device has a plurality of writing 
electrodes for writing said electrostatic latent 
image on said latent image carrier and a sub- 
25 strate for supporting said writing electrodes, 

and 

that said plurality of writing electrodes are 
aligned in the main scanning direction of said 
latent image carrier. 

30 

2. An image forming apparatus as claimed in claim 1 , 
being characterized in that said plurality of writing 
electrodes are aligned in a single row extending in 
the main scanning direction of said latent image car- 

35 rier. 

3. An image forming apparatus as claimed in claim 2, 
being characterized In that said plurality or writing 
electrodes are arranged such that a portion of one 

*o writing electrode is overlapped with a portion of a 

writing electrode, next to said one writing electrode, 
as seen in the feeding direction of said latent image 
carrier. 

-<5 4. An image forming apparatus as claimed in claim 2 
or 3, being characterized in that said plurality of 
writing electrodes are each formed in a triangle, a 
parallelogram, or a trapezoid. 

so 5. An image forming apparatus as claimed in claim 2 
or 3, being characterized in that said plurality of 
writing electrodes are each formed in a triangle or 
a trapezoid and the writing electrodes are arranged 
in such a manner that the orientations of the trian- 

55 gjes or trapezoids of the writing electrodes are al- 
ternately inverted. 

6. An image forming apparatus as claimed in claim 2, 
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being characterized In that said plurality of writing 
electrodes are each formed In a circle, an oval, an 
ellipse, a rectangle, a square, a pentagon, a poly- 
gon having 6 or more corners, or a polygon with 
rounded corners. 5 



7. An image forming apparatus as claimed in claim 1 , 
being characterized in that said plurality of writing 
electrodes are aligned in a plurality of rows each 
extending in the main scanning direction of said la- to 
tent image carrier, wherein the rows are arranged 

in parallel with each other in the feeding direction or 
said latent image carrier. 

8. An image forming apparatus as claimed in claim 7, 15 
being characterized in that the number of the par- 
allel rows extending in the main scanning direction 

is two and said writing electrodes are arranged in 
zigzag fashion such that a writing electrode in one 
row is placed at a position corresponding to a posi- 20 
tion between two adjacent writing electrodes in the 
other row while a writing electrode in the other row 
is placed at a position corresponding to a position 
between two adjacent writing electrodes in said one 
row. 25 



9. An image forming apparatus as claimed in any one 
of claims 1 through 8, being characterized In that 
at least said writing electrodes are coated with pro- 
tecting layers. 30 



10. An image forming apparatus as claimed in any one 
of claims 1 through 8, being characterized in that 
at least a portion of each said writing electrode con- 
fronting said latent image carrier is made of material 35 
easily to wear. 
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